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Closed Chest Esophageal Resection 
Richard F. Heitmiller 
The technique of partial esophagogastrectomy using 
midline laparotomy and cervical (usually left sided) 
incisions, in which the intrathoracic esophagus is mohi- 
l i d  without thoracotomy, is termed closeci-chest , tran- 
shiatal, or blunt esophagectomy. These terms are used 
interchangeably. The procedure has undergone numer- 
ous modifications in its indications and technique over 
the last 86 years since its first description. Currently, 
the technique is widely used in the surgical management 
of a broad range of benign and malignant esophageal 
disorders. 
History 
Denk,’ in 1913, is credited with the first description of a 
technique devised to mobilize the intrathoracic esopha- 
gus without thoracotomy using an esophageal stripper. 
His description was based on studies performed in 
animals and cadavers and he proposed its use in 
humans. 
Kirschner,2 in 1920, described an operation for 
benign esophageal stricture in which the stomach was 
mobilized, passed subcutaneously to the neck, and 
anastomosed to the proximal cervical esophagus. The 
distal cervical esophagus was oversewn and the lower 
esophagus drained by esophagojejunal anastomosis. 
Kirschner speculated that the technique could also be 
used to manage patients with malignant esophagorespi- 
ratory fistulas. 
Grey Turner3 reported the first successful human 
transhiatal esophageal resection in 1933. The multi- 
staged procedure was performed in a 58-year-old pa- 
tient with a localized middle-third esophageal squamous 
cancer. Operative management consisted of initial gas- 
trostomy, later transhiatal esophageal resection with 
cervical esophagostomy and feeding jejunostomy, and 
finally creation of an anterior-chest-wall skin tube to 
direct the swallowed bolus from the cervical esophagus 
to a mobilized loop of jejunum in the abdomen. On 
postoperative day 206, the patient was able to eat a meal 
of three slices of bread with butter, poached egg, a pint 
of tea, and two pears, which he was said to have 
enjoyed. In his invited lecture to the Boston Surgical 
Society in 1931, Grey Turner4 described the develop- 
ments that led him to this operation. Early on, he 
developed an interest in the new surgical technique of 
side-to-side anastomosis of the gastric cardia and lower 
esophagus to bypass obstructing pathology, such as 
esophagogastric strictures or achalasia. These tech- 
niques required transhiatal mobilization of the distal 
esophagus. He found that there was a surgical plane 
adjacent to the esophageal wall, which he called the 
esophageal bursa, that permitted extensive intratho- 
racic esophageal mobilization without bleeding. With 
increasing experience, Grey Turner determined that 
complete closed chest esophagectomy was possible in 
select patients. He also underscored the importance of 
preoperative nutritional support via gastrostomy. 
In the 1940s, direct surgical access to the esophagus 
through thoracotomy with one-stage esophageal recon- 
struction replaced the more cumbersome multi-staged 
transhiatal techniques. Transthoracic techniques, such 
as Ivor-Lewis (midline laparotomy and right thora- 
cotomy), left thoracoabominal, and multi-incisional 
approaches continue to be in widespread use today. 
Reports advocating the closed-chest esophagectomy 
resumed when Ong and Lee (1960)j and Le Quesne and 
Ranger ( 1966)6 reported single-stage transhiatal esoph- 
agectomy, gastric pull-up, and pharyngogastric anasto- 
mosis to manage patients with pharyngeal or cervical 
esophageal carcinomas. Subsequently, Orringer (1978)’ 
proposed the use of esophagectomy without thora- 
cotomy, for patients with esophageal cancer, as a means 
of avoiding the morbidity and mortality of intrathoracic 
anastomotic leak associated with transthoracic esophage- 
ctomy. Interest in the closed chest technique was 
re-kindled. 
The following developments led to the current wide- 
spread acceptance of the closed chest esophagectomy 
technique: (1) Liebermann-Meffert et a18 provided a 
detailed description of esophageal blood supply, showed 
an anatomical basis for Grey Turner’s “bloodles~’~ 
esophageal bursa, and confirmed the clinical observa- 
tion that transhiatal esophageal mobilization can be 
performed safely and with acceptable blood loss. (2) 
Numerous studies have documented that the stomach 
may be mobilized into a gastric tube supplied by the 
right gastroepiploic artery and transposed into the neck 
without ischemia. (3) There was a documented shift of 
cell type prevalence from squamous cell carcinoma to 
adenocarcinoma observed in this country,’ the United 
IGngdom,” and Western Europe,ll that has been cen- 
tral to the application of the closed chest esophagectomy 
approach in patients with carcinoma. Adenocarcinoma 
invariably arises in the lower esophagus near the 
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rsophagogastric junction. Therefore, laparotomy expo- 
sure provides direct vision tninor mobilization and 
one-field regional lymphatleiiec.torny, lmth important 
principles in the surgical management of esophageal 
cancer. (4) Reports have shown that the functional 
result of cervical esollhagogastric anastomosis is excel- 
lent confirming that this technique may be used for both 
henign and malignant clisortlers. 'I '' (5) Finally, it has 
heen shown clinically that the management of cervical 
esophageal anastomotic leaks have indeed proven to be 
simple and safe. 
Indications 
Indications for closecl chest esophagectomy include 
hoth henign and malignant esophageal pathologies pro- 
videcl two requirements are met. The first is that the 
portion of intrathoracic esophagus to be removed bluntly 
is extrinsically normal. If this is not the case, the 
operating surgeon can not reliably remain in the appro- 
priate plane adjacent to the esophageal wall, and risks 
causing significant bleeding or injury to adjacent medi- 
astinal structures. Pathology involving the lower half of 
the esophagus is generally accessible hy  transhiatal 
methods. Previous sternotomy for coronary artery 
revascularization or thoracotomy with lung resection 
are not contraindications for this technique. The sec- 
ond requirement for the closed chest approach is the 
availability of options for long-segment esophageal re- 
construction such as stomach or colon because the 
technique mandates cervical esophageal anastomosis. 
Contraindications 
Contraindications include dense paraesophageal adhe- 
sions from intrinsic disease, caustic ingestion, or previ- 
ous posterior mediastinal surgery, upper esophageal 
transmural cancer with mediastinal invasion, and pa- 
tients without stomach or colon for long-segment esopha- 
geal replacement. Previous neck surgery or cervical 
irradiation may not be eligible for transhiatal esophage- 
ctomy. Patients who are extremely thin have such 
limited mediastinal space that it is often prudent to elect 
to mobilize the intrathoracic esophagus by transtho- 
racic approach. 
Preoperative Evaluation 
Patients with either benign or malignant esophageal 
disease who need esophageal resection may he consitl- 
ered for closed chest esophagectoniy. The most impor- 
tant factors that determine the feasihility of transhiatal 
resection are disease location and the esophago- 
mediastinal interface, especially at the level of the 
disease. Contrast esophagograni, such as a standard 
barium swallow still provides the liest overall picture of 
the location of the disease along the esophagus. If there 
is any concern or suspicion of preexisting pharyngeal 
clysfunction, then video flonrographic pharyngoesopha- 
gography should be considered. Computed tomography 
(CT) of the chest provides the best screening test to 
evaluate the esophago-mediastinal interface. Endo- 
scopic ultrasound may he considered if' additional 
information is neetled. 
Preoperative vocal cord evaluation should be per- 
formed in patients who are hoarse or who clinically 
aspirate. It is essential to identify patients who may 
have cord dysfunction on the side opposite the proposed 
cervical incision. This will prevent possible accidental 
bilateral cord dysfunction. 
Patients with esophageal cancer are staged preopera- 
tively per routine. The staging is not modified just 
because a closed chest approach is anticipated. 
The importance of perioperative nutritional support 
is widely accepted. Use of preoperative gastrostomy, 
either open or  endoscopic (PEG tubes) does not prevent 
transhiatal esophagectomy with gastric pull-up to the 
neck. The gastrostomy tube is removed at surgery and 
the gastrotomy is closed in two layers, protecting the 
right gastroepiploic vascular arcade. 
Advantages 
Advantages of the closed chest approach include the 
ease of using a single patient positioning approach, 
avoidance of post-thoracotomy pain, excellent func- 
tional results with cervical esophagogastric reconstruc- 
tion, and reduced risk associated with anastornotic 
leak. 
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SURGICAL TECHNIQUE 
There are four general phases to this procedure: gastric 
mobilization, esophageal mobilization, cervical anasto- 
mosis, and closure. Description of the operative tech- 
nique will be organized accordingly. 
1 After the induction of general endotracheal anesthesia and the placement of a nasogastric tube, 
patients are positioned with the neck in slight extension. A soft roll placed across the shoulders is the 
easiest way to extend the neck. Rotating the chin minimally to the right improves exposure of the left 
cervical region. The right arm is extended at 90" and the left arm is positioned at the patient's side; 
the right chest is therefore exposed for anterolateral thoracotomy should the intraoperative need 
arise. Multiple large bore intravenous access, arterial line monitoring, and foley catheter urinary 
drainage are routine. The surgical prep includes the neck, chest, and abdomen as a single field. The 
chest is prepped low bilaterally to permit thoracotomy or  tube thoracostomy if the need arises. 
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2 Gastric mobilization. An upper midline laparotomy is em- 
ployed, the abdomen entered, and explored. An upper hand 
retractor lifts the xiphoid and left costal margin anteriorly and 
cephalad. A halfour retractor is placed. The tip of the left liver 
lobe is mobilized by dividing its triangular ligamental attach- 
ments. The left phrenic vein should be identified and protected. A 
malleable upper-hand retractor blade gently retracts the mobi- 
lized liver edge to the right to facilitate exposure of the hiatus. 
Gastric mobilization is performed based on the right gastroepi- 
ploic (white arrow), and if possible, the right gastric arcades. The 
lesser sac is initially entered laterally to minimize inadvertent 
proximal right gastroepiploic artery injury. The stomach is then 
encircled with a I-inch latex Penrose drain (Sherwood Medical 
Co., St Louis, MO), which is used as a sling to suspend the 
stomach during its mobilization (black arrow). The left gastric 
vessels are generally best exposed by retracting the stomach 
inferiorly and viewing these structures directly through the 
divided gastrohepatic ligament. The duodenal C-loop is straight- 
ened by means of a Kocher manuever. 
3 A pyloromyotomy is performed using the electrocautery. Reducing 
the power on the cautery minimizes the probability of mucosal injury. An 
omental patch secondarily covers the myotomy site. 
4 Esophageal mobilization. Transhiatal esophageal mobilization is 
facilitated by widening the hiatus. I find that anterior crural division 
works best. The crossing left phrenic vein is suture ligated. The hiatus is 
opened anteriorly using the electrocautery. Alternatively, the left crus 
may be divided, although doing so risks opening the left pleural space. 
Much of the lower esophagus can be freed from the mediastinal soft 
tissues under direct vision using the electrocautery or surgical clips. 
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5 In order to safely resect the remainder of the intrathoracic esophagus, it is extremely important 
to operated in the plane immediately adjacent to the esophagus. Wandering off the esophagus risks 
significant bleeding and injury to adjacent mediastinal structures. A nasogastric tube within the 
esophagus helps with digital orientation. Once the lower esophagus is freed to approximately the 
level of the aortic arch, a left cervical incision is added. 
A modified left cervical incision is employed. Subplatysmal flaps are raised superiorly and 
inferiorly. The anterolateral border of the left sternocleidomastoid muscle is delineated and 
retracted laterally by a 1 inch penrose drain, which encircles the sternal head of the muscle and is 
attached to the drapes. The carotid sheath contents are identified and protected. The prevertebral 
space is entered medial to these structures. The distal cervical esophagus is grasped with a babcock 
clamp, withdrawn gently away from the trachea, and encircled with a 0.25 inch penrose drain. The 
remainder of intrathoracic blunt esophageal mobilization is performed using both the abdominal 
and cervical incisions. 
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Tumor in 
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, 
6 The nasogastric tube is withdrawn into the distal esophagus. A greater curvature tube is 
fashioned by sequential application of an Ethicon GIA 7.5-mm stapler (Ethicon, Cincinnati, OH). 
Thick tissue staples are not necessary. The staple line is oversewn with running 4-0 prolene suture. 
The fundus is the leading tip of the gastric tube, which should be as narrow as possible (yet still 
permit solid food ingestion). Ideally the gastric tube should be uniform in diameter or increase 
slightly in diameter from fundus to pylorus. Constructing the gastric tube as descrlbed minimizes 
mediastinal compression symptoms associated with distension of the transposed stomach and 
facilitates its emptying. 
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7 Cervical anastomosis. The intrathoracic esophagus and gastric cardia are withdrawn 
proximally out through the cervical incision. A 0.25 inch penrose drain sutured to the gastric 
cardia maintains access to the posterior mediastinal tract and is used to direct a 32F chest 
catheter into the neck. Two-point fixation of the gastric tube tip to the chest tube prevents 
twisting as the gastric tube is directed through the posterior rnediastinum and into the cervical 
wound. Reprinted with permission from the Society of Thoracic  surgeon^.'^ 
8 The esophagus is clamped to the right cervical wound retractor, and the cut chest catheter is 
clamped to the left cervical wound retractor. This positions the cervical esophagus and gastric 
fundus in juxtaposition, and draws the anastomotic site up out of the neck wound to optimize 
surgical exposure. Reprinted with permission from the Society of Thoracic Surgeons. l4 
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9 An inverting, two-layered, end-to-side anastomosis is used as previously de- 
scribed.lS The author prefers 4-0 silk sutures for both layers, although an absorbable 
suture may be substituted for the mucosal apposition. The outer posterior row 
approximates the esophageal muscle to seromuscular stomach. The inner posterior 
row connects the esophageal and gastric mucosa. Once the back row is complete, the 
excess esophagus is excised. The inner layer continues approximating the esophageal 
and gastric mucosa in an inverting fashion so that the knots are intraluminal. The 
outer layer is completed by pulling the retracted esophageal muscle over the suture 
line onto the stomach. Before completing the anastomosis, the nasogastric is directed 
across the anastomosis under direct vision. Once the anastomosis is completed, the 
chest tube retracting sutures are cut. The suture sites must be inverted by a series of 
Lembert sutures to prevent suture-hole leakage. The anastomosis is returned to the 
midline by gentle downward traction on the intra-abdominal stomach. The cervical 
incision is irrigated and closed in layers. Reprinted with permission.” 
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Procedure completed 
* 
10 The completed reconstruction is shown. 
A properly mobilized stomach invariably has suffi- 
cient length to reach to the neck for anastomosis. On the 
unusual circumstances when it does not, or does not 
without excessive tension, then the procedure should 
not be abandoned. Rather, an upper sternal split 
should be perforrned,I6 into the second or third inter- 
space, and the anastomosis performed as described 
previously only at a lower level. This technique brings 
the proximal esophagus down to the gastric tube. The 
anastomosis is constructed as described previously. 
Closure involves wiring the divided sternum over a 
closed suction drain, reapproximating the ipsilateral 
strap muscles, and closing the remainder of the incision 
in layers per routine. 
Closure. Before laparotomy closure, the hiatal 
opening is inspected and if it is too loose, it is closed with 
a single figure of 8 silk suture, anteriorly. Ideally, the 
hiatus should just approximate the gastric tube, not 
constrict it. When working near the hiatus, make sure 
that the right gastroepiploic arcade is protected. A 
jejunostomy tube is routinely inserted. I have used a 
technique that permits percutaneous replacement should 
the need arise in the future.17 The abdomen is irrigated 
and then closed. 
Postoperative Care 
Patient care should be designed to prevent the most 
common postoperative complications including anasto- 
motic leak or  stricture, respiratory complications (most 
notably pneumonia), and swallowing dysfunction. 
Anastomotic complications are minimized b y  optimiz- 
ing anastomotic exposure and using a technique that 
has a proven track record regardless of whether the 
anastomosis is in the neck or chest as described in 
Surgical Technique. 
Gillinov and HeitmillerI8 made the assumption that 
most major postesophagectomy respiratory complica- 
tions develop as a result of aspiration. They also 
postulated that the probability of aspiration was great- 
est in the early postoperative period when patients are 
sedated and supine, and later when oral feedings are 
resumed. They then developed safeguards to protect 
against aspiration during these risk periods. To prevent 
early aspiration, patients are kept intubated and me- 
chanically ventilated through the first postoperative 
night. The following morning, after a stable clinical 
course, a clear chest film, and appropriate pulmonary 
mechanics, patients are  extubated. Chest physio- 
therapy is instituted postextubation. Before starting 
oral feedings, a video flourographic pharyngoesophago- 
gram is obtained followed by the introduction of a 
graduated postesophagectomy diet that controls quan- 
tity, consistency, and calories of meals. 
Heitmiller and Jones" have shown that video flouro- 
graphic evidence of swallowing dysfunction is identified 
in 67% of patients after transhiatal esophagectomy. The 
most common abnormal finding was laryngeal penetra- 
tion or aspiration (47%) that was due to inadequate 
airway protection, and that these postsurgical findings 
resolved or  markedly improved within the first month 
after surgery. Therefore, if significant aspiration is 
identified radiographically, oral feedings should he 
witheld, patients should he fed enterally via jejunos- 
tomy, and the video contrast swallow should be re- 
peated in 1 months time. 
Beginning in 1994, a standardized clinical care path- 
way for patients undergoing esophagectomy was initi- 
ated at our institution with the goal of reducing treat- 
ment costs without compromising safety of care."' 
Patient care pathways are established by plotting the 
course of an ideal patient having an uncomplicated 
postoperative course. Only those tests, studies, medica- 
tions, and consultations that were necessary for such a 
patient were ordered as routine. The care for this 
hypothetical esophagectomy patient was established as 
our standardized routine. The clinical pathway empha- 
sizes early postoperative intensive care, overnight endo- 
tracheal intubation, nasogastric tube drainage for 3 to 4 
days, enteral feeding via jejunostomy beginning on day 
3, video esophagogram on day 5, then the introduction 
of the postesophagectomy diet. 
Results 
Cervical anastomotic leak rates of 4.3% to 24% are 
reported in the literature. Dewar et aI2' identified low 
serum albumin, running suture technique, high intraop- 
erative blood loss, and postoperative delayed gastric 
emptying as risk factors correlated with anastomotic 
leakage. Most studies do not show a difference in leak 
rates based on anastomotic technique. Orr ingeP docu- 
mented that the anastomotic leak rate rose dramatically 
to 63% if the stomach was passed substernally to the 
neck. Presumably, this is secondary to the proximity of 
the anastomosis to the skin surface and the paucity of 
overlying soft tissue coverage. 
The reported frequency of cervical anastomotic stric- 
tures ranges from 9% to 50%, depending in part on how 
the diagnosis of stricture is defined. In  my experience, 
anastomotic stricture was identified in 26% of patients 
after cervical anastomosis. Factors correlating with 
stricture formation include leakage, intraoperative blood 
loss, poor gastric blood supply, cardiac disease, and 
anastomotic technique. Management of these strictures 
by bougiennage is successful in the majority of cases. 
In  a collective review of 1,353 patients, Katariya et 
aP3 identified a 50% incidence of pulmonary complica- 
tions. Pneumonia has been reported in 5% to 20% of 
patients after transhiatal esophagectomy, and in the 
majority of series, it is the most common cause of 
hospital mortality. Gillinov and Heitmillerla have pre- 
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sented strategies to reduce pulmonary complication 
after transhiatal esophagectomy. Adherence to these 
strategies reduced the incidence of major respiratory 
complication to lo%, and the pneumonia rate to 3%. In 
their series, the authors identified older age and a past 
history of chronic. obstructive pulmonary disease as risk 
factors for the development of postoperative respira- 
tory risk factors. 
Mortality after closed chest esophagectomy is approxi- 
mately 3%. Mortality rates may vary depending on 
patient age, indication for surgery, predominant cell 
type for cases of carcinoma, operator experience, and 
patient selection. 
Zehr et a120 have shown that application of evidenced- 
based surgical techniques, in the form of standardized 
clinical care pathways, results in reduced hospital costs 
without compromising safety of care. 
Conclusion 
Closed chest esophagectomy is a technique with a rich 
history and a proven clinical track record. It may be 
used for both benign and malignant esophageal dis- 
eases. For patients with esophageal carcinoma, postop- 
erative survival is based on tumor staging not esophage- 
ctomy technique. Operative morbidity and mortalities 
are comparable regardless of the surgical approach 
used. Therefore, as long as the principles of partial 
esophagogastrectomy with single-field lymphadenec- 
tomy are applied, any of the available esophagectomy 
techniques may be selected. The advantages of the 
closed chest approach include single operative position- 
ing, avoidance of post-thoracotomy pain, cervical anas- 
tomosis that reduces patient risk if a leak occurs, and 
excellent functional swallowing results. 
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